Mice carrying the gene Mx were resistant to the lethal action of a hepatotropic line of avian influenza A virus. In resistant animals, foci of liver necrosis were self-limiting, and maximal virus titers reached were much below those in susceptible animals. Resistance could not be abrogated by immunosuppressive treatment with cyclophosphamide, methotrexate, or procarbazine, although such treatment prevented cellular infiltration at sites of virus replication and appeared to delay virus clearance. Silica and thorium dioxide, thought to inhibit macrophage function, likewise failed to abolish resistance. Regenerating liver tissue did not support more extensive virus replication than did intact adult liver.
Mechanisms of natural resistance to viruses are not well understood (23) . Depending on the systems studied and the preferences of authors, the following possibilities have been contemplated: lack of cell surface receptors, presence of humoral inhibitors, barriers to intercellular spread, induction of interferon, release of noninfectious virus, formation of double-stranded ribonucleic acid, triggering of cellular, humoral, and secretory immune mechanisms, and peculiarities of macrophages (2, 5, 7, 13, 23, 24, 35, 37) .
Instances where a single gene determines resistance or susceptibility to a virus would seem to offer the best prospects for elucidating some of the factors involved. In laboratory mice a dominant gene, Mx, conferring a high degree of resistance towards neurotropic and pneumotropic influenza virus infection, has been described (8, 16, 17, 19) . The course of infection in a third type of organ, profoundly different from both brain and lung, should allow interesting comparisions to be made and might yield additional clues.
Although influenza A viruses of human origin are readily adaptable to mice, only pneumotropic and a few neurotropic variants are known. Certain avian influenza A strains, however, have a tendency to grow in mouse liver, where histological evidence of infection was described long ago (15) . We Liver homogenates. Pools of three to five livers collected aseptically from exsanguinated mice were homogenized with an equal weight of PBS + AB in a refrigerated Sorvall Omnimix homogenizer, using two successive freeze-thaw cycles. The supernatant after centrifugation (6,000 x g, 20 min, 4 C) was stored at -70 C until tested.
Histology. Representative liver specimens from infected and control mice were fixed in 10% neutral formalin. Routine paraffin sections were prepared and stained with hematoxylin and eosin at the Institute for Pathological Anatomy, University of Zurich.
Immunofluorescence. Indirect staining using fluorescein isothiocyanate labeled goat anti-rabbit immunoglobulin (Miles Laboratories, Kankakee, Ill.) was used. Mice were bled under ether anesthesia, and individual livers were perfused via the portal vein with PBS before removal from the peritoneal cavity. Small cubes were cut and quick-frozen in liquid nitrogen. Sections (6 ,um) made in a cryostat microtome were air-dried and overlaid with a 1:10 dilution of specific rabbit antiserum for 30 min at 37 C in a moist chamber. After two washes in excess PBS for 20 min, the sections were incubated (30 Virus growth in the livers of susceptible and resistant mice. Myxovirus resistance has been shown to be associated with restricted growth of neurotropic influenza virus in brains of infected mice (8, 19) . Growth of TURH virus in the liver of normal adult A2G mice was found to be markedly reduced as compared with growth in ICR and A/J livers (Table 2 and Fig. 1 (Fig. 2) . In Cyc-treated A2G mice such inflammatory infiltrates were absent (Fig. 3) . Nevertheless, hepatic cell necrosis remained strictly confined and showed no tendency to spread. Hepatic lesions were not seen in liver sections from control A2G mice receiving the drug alone.
Distribution of viral antigens in the livers of Cyc-treated A/J and A2G mice. Immunofluorescent evaluations of the amount and distribution of virus-specific antigens in the livers of Cyc-suppressed resistant and susceptible mice correlated well with the differences in virus growth and liver pathology described above. At 48 h after infection, liver sections of Cyc-treated 847 VOL. 13, 1976 A/J mice showed wide-spread fluorescence of the parenchyma (Fig. 4a) , whereas in similarly trated A2G mice only isolated fluorescent foci became detectable by 48 to 96 h (Fig. 4b) ; since cellular infiltrates were absent, the specific nuclear and cytoplasmic fluorescence of hepatocytes could be better appreciated (Fig. 4c) . Fluorescence persisted to days 8 to 10 and was reduced thereafter. Fig. 4d shows the fluorescent pattern found in livers of immunosuppressed A2G mice 10 days after infection with 103 EID5.
Effect of immunosuppression with Mtx and Pro. Attempts to break virus resistance of A2G mice by immunosuppressants other than Cyc were not more successful. Both Mtx and Pro are known to suppress humoral and cellular immune responses in mice (20, 21, 33) . Furthermore, Mtx is capable of inducing long-term tolerance to viruses (10) and is considered superior to Cyc in inhibiting graft-versus-host disease (31) . Pro seems to act predominantly on thymus-dependent cell populations (27) and is even able to prolong second-set homograft survival (9) . Nevertheless, treatment of resistant mice with these drugs did not enhance mortality caused by hepatotropic influenza infection. Immunosuppressed A2G mice survived for more than 5 days a 100-fold larger virus dose than that shown to kill all susceptible controls. Later on, intercurrent deaths from general toxicity of Mtx occurred among both infected and noninfected animals.
Effect of reticuloendothelial blockage on resistance to TURH virus. Since recovery of A2G mice from TURH infection pointed to effector mechanisms other than primary immune response, the possible role of the reticuloendothelial system in mediating resistance to lethal hepatitis was investigated. Thorium dioxide is toxic for peritoneal macrophages when injected i.p. and aggravates virus infections in mice (24, 25) . Similar effects are exerted by silica (3), which has been found most efficient in potentiating infection of mouse liver by herpesviruses (30, 37 were 10,000 times lower than in similarly treated ICR mice and equaled those in nontreated resistant animals. Pretreatment with silica (50 mg i.p.) was performed 3 days or 2 h before virus challenge. Silica-treated mice were able to resist 100 i.p. LD, of TURH virus. After a 50-fold larger virus dose, part of the treated and untreated A2G mice died between days 7 and 12 after infection. No deaths were observed upon i.p. challenge with 100 i.p. ID;, in resistant mice previously injected i.v. with 3 mg of silica. Thus, despite reticuloendothelial blockade, A2G mice remained resistant to TURH infection.
Resistance of regenerating A2G liver after partial hepatectomy. In A2G mice, myxovirus resistance increases with age (16, 19) . Maturation to resistance might be related to increasing maturity of the target organ itself rather than to developing systemic mechanisms. We therefore tried to influence the susceptibility of adult A2G livers by partial hepatectomy (36) . It was hoped that, in analogy to cultured A2G kidney cells (18) , growing liver cells or newly formed hepatocytes might support virus multiplication at higher rates than the resting cells of the intact adult organ. This was not the case. A2G mice challenged with TURH virus 2 days after partial hepatectomy resisted 300 i.p. ID.5, as did sham-operated A2G controls, whereas control and partially hepatectomized A/J mice died of viral hepatitis in the usual fashion. Furthermore, two independent experiments showed only minor differences in virus titers 42 h after infection between normal and regenerating A2G livers examined 4 days after operation. Histologically, parenchymal cells in regenerating livers appeared larger than normal. Binucleate hepatocytes were numerous and mitotic figures could be detected (34) . However, fluorescent staining in resistant hepatectomized mice was confined to the focal lesions already described (Fig. 5a ). As in normal A2G mice, cellular infiltrates were seen at 96 h and specific fluorescence was reduced by day 6 (Fig. 5b) .
DISCUSSION
Mice bearing the dominant gene Mx, known to resist the lethal action of neurotropic and pneumotropic influenza A virus (8, 16, 17, 19) , have now been shown also to be highly resistant when infected with a hepatotropic influenza A virus of avian origin (11 tible animals the virus spread rapidly throughout the whole liver, resistant animals developed small necrotic foci that were self-limiting (Fig. 2) and eventually healed. That these foci represented sites of virus replication was indicated by immunofluorescence (Fig. 4) . Viral titers increased in the livers of resistant animals, but beyond 24 h after infection always were orders of magnitude lower than titers from similarly infected susceptible mice (Fig. 1) .
Resistance simultaneously exhibited in different organs would most easily be explained by some systemic factor. Intrinsic resistance of all somatic cells appears unlikely, since previous experiments gave no evidence that cells put in tissue culture were less able to support virus replication when derived from Mx-bearing animals (18, 29) ; also, virus inhibitors were not detected in body fluids or tissue extracts (19) . There is a possibility that macrophages might show resistance in vitro (A. C. Allison, personal communication), although this would be at variance with previous work (29) . Interferon as a mediator of resistance has been discussed in conjunction with flaviviruses (13) , but it is difficult to see how interferon would discriminate between different viruses, for instance, between influenza, to which Mx-bearing mice are resistant, and vesicular stomatitis, to which they are fully susceptible (19) . Since newborn mice are susceptible (16, 18) , we thought that regenerating liver might support high levels of virus replication; this was not the case.
The immune system as an obvious candidate comes next to mind (2, 23 (Fig. 5b) . lations (12) express resistance just as readily as do immunologically competent animals. Immunosuppression by Cyc or X irradiation did not influence the course of neurotropic infection (8) .
In the present paper we report failure of various immunosuppressive measures to affect the lethality of hepatotropic infection. The general defense mechanisms of immunosuppressed animals are severely compromised, and intercurrent infections may obscure the results. In our study this could be avoided by keeping experimental animals in a separate room, where they were attended by only one technician specially devoted to this task, and by supplying their acidified drinking water with chloramphenicol.
It might be argued that our immunosuppressive treatment was less efficient than that used by others (1, 4, 6, 14, 22, 26, 28, 32, 35 (Fig. 2) , was completely inhibited in resistant immunosuppressed mice (Fig. 3) spread, suggesting that the cellular infiltrates were not instrumental in limiting infection (8) . (v) Another measurable effect of immunosuppression was delayed clearance of the virus (Fig. 1) . A similar observation was made in nude mice carrying the gene Mx (unpublished observation). Delayed clearance thus appears to be a consequence of depressed immune reactivity.
The results of macrophage inhibition are more difficult to interpret. Although the dosage schedules were those commonly recommended (3, 25, 30, 37) , there is no guarantee that a substantial impairment of macrophage function over some critical time interval was really achieved. Moreover, the effect of treatment on macrophages (or macrophage homologues) residing in the liver and forming possibly the first virus target could not be estimated. A more detailed description of liver pathology after intraperitoneal and intraportal injection of virus will be published elsewhere (Arnheiter and Haller, in preparation).
Whatever explanation for the effects of the gene Mx is eventually contemplated, it will have to take into account that resistance operates in three very different organs, brain, lung, and liver, and that it does so in the face of severe immunological malfunction.
